Ant Colony Optimization (ACO), traditionally is based on analyzing behavior of ants, and it was introduced by Marco Dorigo in 1992. In this paper, an enhancement work is performed on the concept given by him and the outcome of this paper is going to be a heuristic proposal for evaporation of pheromone. I am going to use ACO as Multi Criteria Decision Making (MCDM) method, which is traditionally considered as single criterion decision making method only.
Introduction
Marco Dorigo (University of Paderborn, Germany), has given an approach for solving several combinatorial optimization problems. This approach is globally known as Ant Colony Optimization. He has considered many factors like Probabilistic Approach for edge decision making, Ants Behavior of Pheromone Laying, Natural Pheromone Evaporation tendency, Importance of Pheromone Intensity and Importance of Pheromone Visibility. In this paper, I am going to include one more factor, which practically needs to be considered while solving many real life optimization problems like travelling salesman problem and others.
If an optimization problem is MCDM problem, then ACO is not capable enough for finding its solution. In section 2, the concept of ACO that is originally given by Dorigo, is specified, and in section 3 the proposed enhancement made in traditional ACO method is given.
Ant Colony Optimization-Dorigo's Definition:
Ant colony optimization is a meta heuristic in which a colony of artificial ants cooperate in finding good solutions to difficult discrete optimization problems. While travelling on a graph (path), decision for next edge to travel is taken in probabilistic way using the relation:
Here, ܲ ሺ‫ݐ‬ሻ = Probability that an ant ݇ will travel from i to j node in graph at time t. This probability is dependent on several factors like, ߬ (t) = Pheromone intensity at time t while travelling from node i to node j. ߟ ሺ‫ݐ‬ሻ= Pheromone visibility at time t while travelling from node i to node j. ߙ= Importance of pheromone intensity ߚ= Importance of pheromone visibility ‫ܬ‬ ሺ݅ሻ= Neighborhood set of node i for ant k. Suppose our objective is to find the shortest path between the source vertex ‫1ݒ‬ and destination vertex ‫,01ݒ‬ and in order to achieve this objective we are going to apply ACO method here on the graph. Following is the equivalent map diagram for the graph which we have taken, and now ants need to determine the shortest path between their nest and the food source. Since for convergence of solution ACO usually requires large quantum of iterations to be performed, I have used a mathematical simulator for achieving the results. While performing the iterations of ACO here, following parameters are initially randomly assumed: ߙ= 1, ߚ= 1, ܳ= 1, ߩ= 0.6, and Number of Ants = 25. We can clearly observe by Figure 6 , that the average path length has approximately converged towards the best length of the respective tour. And this convergence process has taken 2000 iterations. At this point of time, we can conclude that the shortest distance that we have to cover in our graph G is approximately 23 and the shortest path is ‫1ݒ‬ → ‫4ݒ‬ → ‫5ݒ‬ → ‫.01ݒ‬ 
Enhancing the Concept of ACO for Solving Multi-Criteria Decision Making Problems:
In this section I am going to propose a new dimension in the field of ACO. I am here enhancing the concept of evaporation parameterሺߩሻ, which was a unique value for each edge of the graph in Dorigo's ACO definition. My proposal is to take an (1), (2) and (3) 
Numeric Example for Proving the Proposal:
Let us start with a case where a graph G is a multi weighted graph (Figure 7(a) ), i.e. each edge of the graph is associated with more than one weight with different significance. If we consider this graph as a road map for travelling, then edge e1's first weight 4 indicates the distance that is needed to be covered while travelling from ‫1ݒ‬ to ‫4ݒ‬ , and its second weight 50 indicates the temperature that an individual has to face while travelling through this very edge. If we convert the given graph into its path equivalent (Figure 7(b) ), than there are now three option paths for the ants to travel. Each path is associated with the total respective path length and the temperature.
Here requirement is to find the optimum path (not necessarily the shortest one) between ‫1ݒ‬ and ‫01ݒ‬ with user's priority to travel on path with minimum temperature. So this problem domain is now a multi criterion domain, in which we want to find the optimum path on the basis of distance and temperature, unlike the problem that we have solved in last section. So the traditional ACO method is applicable only over those cases where there is only one criterion under consideration, and it is always the distance between source and destination. Let ߩ ଵ , ߩ ଶ & ߩ ଷ be evaporation parameters for paths p1, p2 and p3 respectively, and let ߣ ଵ , ߣ ଶ & ߣ ଷ be temperatures for them. Since we know that ߩ ∝ ߣ (Equation 4.3) and since ߣ ଵ ߣ ଶ ߣ ଷ , therefore in our problem we can say that ߩ ଵ ߩ ଶ ߩ ଷ . Since the evaporation parameter for path p3 is less among all three, therefore while performing the iterations pheromone decay will be least on this path. And because of this phenomenon, probability of convergence of ants towards this path will be highest. In order to start the iterations, refer equation 2.1 for probability calculation, equations 2.2 and 2.3 for pheromone update on the paths, but for pheromone decay, in place of equation 2.4, following equation (which is the proposed concept) is used:
……………………………………………….(4.5) Difference between Dorigo's concept of evaporation and the above specified equation is that here we are using a distinct value of evaporation parameter ߩ for each path. While performing the iterations of here, following parameters are initially randomly assumed: After applying 10 iterations for an ant, we will observe that the probability of path 3 to be selected by that ant for traveling is greater than probabilities of remaining two paths (Figure 8) . Inspite of the fact that path 3 is the longest amongst all the paths, the solution is converging towards it. The ants will choose path 3 now as their optimum path to travel. Reason behind this result is the amount of pheromone on 3 paths. Figure 9 shows that intensity of pheromone on path 3 is greater than that of path 1 and path 2, though at the commencement of the iterations intensity was assumed to be equal for all paths. These changes in intensity for each path are dependent on pheromone evaporation factor (ߩ ሻ. Since evaporation factor for path 3 is lesser than that of other two paths, therefore the solution is converged towards this path. Or we can say prabability is more for that path, which is associated with least temperature parameter. This is actually numeric proof for the statement given at the beginning of this section(Equation 4.4). 
Conclusion
In this paper, a new approach is proposed in the dimension of Ant Colony Optimization, which enables this method to solve multi criterion decision making problems as well. Dorigo's definition for ACO is enhanced here, and concept of a separate evaporation parameter is introduced. The numeric results which we got in last section shows us that, we can determine optimum path (not necessarily the shortest one) using ACO as well. See figure 10, which shows that ants have chosen path 3 for travelling, on which they will encounter the least temperature, and therefore pheromone intensity will be highest on this path. The enhancement in 
